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Abstract
Recent large-scale land transactions, often framed as 'land grabbing,' are historically
unprecedented. Millions of hectares of land have changed hands for agriculture-
driven development over the past decade, and their implementation generates sub-
stantial risk of land degradation. This paper investigates land transaction patterns and
evaluate their potential socio-environmental impacts in Cambodia, Ethiopia, Liberia,
and Peru. We undertake a novel spatially explicit approach to quantify land transac-
tions and conduct scenario-based analyses to explore their implementation conse-
quences on people, land, and carbon emission. Our results demonstrate that existing
global datasets on land transactions substantially underestimate their incidence but
can either exaggerate or underreport transacted areas. Although confirming that land
transactions are more likely to occur in sparsely populated, poorer, and more forested
areas, our scenario-based analyses reveal that if fully implemented for agricultural
development, land transactions in the four countries will affect more than one million
people, yield over 2 Gt of carbon emissions, and disrupt vast swathes of forests. Our
findings refute the 'empty land' discourse in government policy and highlight the con-
sequences of land degradation that can occur at an unexpected scale in the 'global
land rush.' Future policymaking needs to anticipate the risk of land degradation in
terms of deforestation and carbon emission while pursuing agriculture-driven devel-
opment through land transactions.
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1 | INTRODUCTION
The convergence of global crises in food, energy, and water has driven
a dramatic increase in the demand for land (D'Odorico, Rulli,
Dell'Angelo, & Davis, 2017; Kugelman & Levenstein, 2012; Rulli,
Saviori, & D'Odorico, 2013). Existing global estimates of transactions,
based on data collected from government documents, research arti-
cles, and media reports, suggest that between 45 and 227 million ha
of land have changed hands since the early 2000s (Anseeuw, Lay,
Messerli, Giger, & Taylor, 2013; Deininger & Byerlee, 2011; Zagema,
2011). Despite the positive expectations of their proponents, changes
in both land tenure and land use incurred by large-scale land transac-
tions can accelerate land degradation (Bustamante et al., 2014) and
exacerbate food insecurity (Barrett, 2013). Emerging evidence indi-
cates that land transactions do not always result in intended level of
agricultural production (Ali, Deininger, & Harris, 2019), and reasons
include but are not limited to poor infrastructure, underestimation of
risks, speculative or rent-seeking behavior, and displacement of small-
holders resulting from land transactions (Adnan, 2013; Feldman &
Geisler, 2012; Julia, & White, 2012). Critics argue that land transac-
tions can lead to declines in household income (Wendimu,
Henningsen, & Gibbon, 2016), loss of household assets (Shete &
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Rutten, 2015), local dissatisfaction and social tension (Gingembre,
2015), compromised food security (Rulli & D'Odorico, 2014), defores-
tation (Davis, Yu, Rulli, Pichdara, & D'Odorico, 2015), and soil degra-
dation (Shete, Rutten, Schoneveld, & Zewude, 2016).
Hundreds of publications have been generated regarding the
extent, cause, implementation, and impact of land transactions over
the past decade (Ali et al., 2019; Borras & Franco, 2012; Nolte, Cham-
berlain, & Giger, 2016). These research outputs, however, did not pro-
vide comparative investigations across countries based on a large
number of land transaction cases and their spatial boundaries. The
existing empirical research, although valuable in documenting and
interpreting the 'global land rush,' has often involved cases selected
according to observed outcomes related to social inequality, displace-
ment, and conflict (Burnod, Gingembre, & Andrianirina Ratsialonana,
2013; McAllister, 2015), rather than a reasonably comprehensive sam-
ple of land transactions with accurate location information released
by government or nongovernmental organizations.
Due to the above shortcomings, there is a risk that the literature
has been self-reinforcing on certain fundamental assumptions and
understanding about land transactions. For example, in terms of data
sources, Land Matrix (Anseeuw et al., 2013) and GRAIN (GRAIN, 2013)
have been commonly used because they are global in coverage and
include transaction covariates such as location, size, year, investor, and
intended purposes of production. However, to what extent they repre-
sent land transactions in each country is still unknown. Regarding size,
the majority of land transaction literature assumes that the transactions
are large, typically over 1,000 ha (Cotula, 2011). Land transactions are
also understood as primarily taking place in regions of host countries
that are sparsely populated (White, Borras, Hall, Scoones, & Wolford,
2012), relatively poor (Lavers, 2012), and more forested (Gill, 2016;
Messerli, Giger, Dwyer, Breu, & Eckert, 2014), because host country
governments seek to ameliorate local resistance and strengthen state
control in these remote frontiers. The lack of data on the spatial extent
of land transaction also results in knowledge gaps on outcome assess-
ment. Other than some emerging estimates on water use (Rulli et al.,
2013), deforestation (Rulli et al., 2019), and affected population (Davis,
D'Odorico, & Rulli, 2014), quantification of potential land degradation
outcomes at the national level is still at its infancy, leaving government
agencies, investors, local communities, and other stakeholders poorly
prepared for unexpected socio-environmental consequences.
The objective of this study is to investigate key characteristics of
land transactions across countries and evaluate their socio-
environmental outcomes under different scenarios of implementation
for agricultural production. Our analysis focuses on Cambodia, Ethio-
pia, Liberia, and Peru, which have among the highest numbers of land
transactions according to Land Matrix. Specifically, we aim to answer
the following research questions:
1. How do the land transaction data of the four countries compare
with Land Matrix data in terms of the number, area, and size distri-
bution of transactions?
2. Are land transactions located in areas that are more sparsely popu-
lated, poorer, and more forested?
3. What are the potential socio-environmental consequences of land
transactions in terms of the amount of affected population, forest
area, and carbon emissions given varying degrees of implementation?
2 | MATERIALS AND METHODS
2.1 | Countries of study
We chose Cambodia, Ethiopia, Liberia, and Peru as the countries of
study in this research. While data availability is a key determinant in
our choice of countries, these four countries provide a valuable sam-
ple for our analysis because: 1) they are among the countries globally
with the greatest numbers of transactions; 2) they represent three dif-
ferent continents on which land transactions are occurring; and 3)
they represent areas with both agricultural and forestry concessions
in both drier and more mesic environments. While not selected to be
globally representative, this sample of countries is sufficiently variable
to draw initial conclusions that can be further tested as more spatial
data on transactions becomes available.
As developing countries, government decision makers in Cambo-
dia, Ethiopia, Liberia, and Peru have pursued both domestic and inter-
national investments in rural areas in an effort to boost economic
development through agricultural intensification (Crewett & Korf,
2008; Lavers, 2012). The scale of land transactions is large in all four
countries. According to Land Matrix, Ethiopia is only second to
Mozambique in Africa in the number of land transactions. Cambodia
ranks second in Asia, after Indonesia. Peru also ranks second in Latin
America, after Brazil. Liberia has a smaller number of land transac-
tions, with 18 cases reported by Land Matrix so far. However, due to
its relatively small country size, the transacted lands cover nearly 30%
of the national territory (Geary, 2012).
There are substantial variations in how land transactions have
been pursued in these four countries owing to their distinct environ-
mental settings, socioeconomic variations, institutional arrangements,
and national objectives. Transacted lands in Cambodia are put to
diverse uses, including logging, crop cultivation, and rubber tree plan-
tations (Davis et al., 2015). From 2005 to 2013, Cambodia experi-
enced the largest expansion in sugarcane cultivation worldwide, with
a 376% increase (McKay, Sauer, Richardson, & Herre, 2016). The Land
Law of 2001 introduced new property right categories, such as state
public land (mostly forested areas) and state private land (land that
can be converted into various forms of concessions). Yet, there is to
date no clear differentiation in how state public and state private
lands are treated. Large parcels of lands in both categories have been
allocated to domestic and foreign investors in the form of economic
land concessions (Oldenburg & Neef, 2014).
Land transactions in Liberia are also diverse, and transacted lands
are used for food and energy crop cultivation, as well as logging
(Global Forest Watch, 2016) (Jung et al., 2019). Liberia holds some of
the last remaining intact forests in West Africa, and the climate condi-
tions are suitable for many tropical crops such as oil palm and rubber.
In 2009, Sime Darby, the world's largest oil palm company, announced
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plans to invest US$800 m in oil palm and rubber plantations in Liberia,
covering about 200,000 ha (Wilcove & Koh, 2010). Because Liberia is
relatively small in size, land transactions accounted for a large propor-
tion of its national territory, often with negative consequences for
local people's livelihoods (Geary, 2012).
In contrast to Cambodia and Liberia, land transactions in Ethiopia
are more recent, mostly emerging after the global food crisis in the late
2000s (Oakland Institute, 2011). The Ethiopian government has a
unique capacity to initiate large-scale land transactions and relocate
existing residents because the state has controlled land rights for much
of Ethiopia's modern history. Most land transactions are taking place in
three regions of the country: Benishangul-Gumuz (Moreda, 2015),
Gambela (Baumgartner, von Braun, Abebaw, & Müller, 2015; Gill,
2016), and Oromia (Shete & Rutten, 2015) (Hajjar et al., 2019), where
multiple cases of land transactions have been reported in the literature.
Land transactions in Peru are mostly implemented as logging con-
cessions (Finer, Jenkins, Sky, & Pine, 2014). The Peruvian Amazon is
an important region in global efforts to promote sustainable logging in
the tropics, and previous land-use zoning and its remoteness have
served to protect the Peruvian Amazon's dense forest cover (Oliveira
et al., 2007). Despite so, logging activities have been implemented ille-
gally in this region, making it imperative to understand the implica-
tions for potential deforestation and carbon emission.
2.2 | Data
We acquired both first- and secondhand land transaction boundary
data in those four countries. In Ethiopia, we first collected a list of land
transactions from the Ministry of Agriculture and then delineated land
transaction boundaries by referring to Google Earth images and con-
ducting fieldwork in Benishangul-Gumuz, Gambela, and Oromia in the
summer of 2015 and 2016. The Cambodia data were digitized from the
land concession map publicly available by Open Development Cambo-
dia in 2014. We georeferenced the 2016 land concession data from
The Common Good Institute in Peru. The data for land transactions in
Liberia were acquired from Global Forest Watch, which was updated in
2015 (Figure S1). It is important to note that the boundary data do not
include transaction attributes such as capital source, investor informa-
tion, crop type, and year of transaction. The georeferenced transaction
boundaries, however, allow us to analyze the spatial patterns and quan-
tify potential socio-environmental outcomes.
We compared the land transaction boundary data with the
records from the Land Matrix, which is the most commonly cited data
source for global- and regional-level analyses. Cases of land transac-
tions were collected according to standard protocols and cross-
validated by different data sources and included information such as
capital source, investor information, crop type, and year of transac-
tion. The cases were crowdsourced from media reports and academic
articles, and location accuracy is low for most cases (Nolte et al.,
2016). Because the Land Matrix data show that all deals were made in
or after 2000 in these four countries, we assumed that the socio-
environmental context in 2000 represents the condition before the
transacted lands were transferred to investors for agricultural devel-
opment. Therefore, we used the socio-environmental covariates in
2000 to estimate the consequences of land transactions. To do so, we
acquired raster images of population density, night light index, forest
cover, and carbon stock (Figure S2–S5). Specifically, we obtained
population data in 2000 at a resolution of 1 km2 at the equator
from WorldPop Data Portal. Population data in 2015 were also
acquired to determine the most recent number of people affected by
land transactions. Because the night light index has been shown to
correlate reasonably well with poverty level in the developing world
(Chen & Nordhaus, 2011; Keola, Andersson, & Hall, 2015), we down-
loaded the global night light image in 2000 from the NASA Earth
Observatory. The spatial resolution is 1,000 m, and the nightlight
index ranges from 0 to 64. We used the global forest cover dataset
(Hansen et al., 2013) to represent the percentage of tree cover. We
obtained the forest cover raster file in 2000 from Earth Engine Part-
ners. The spatial resolution is 30 m, and the raster value reveals the
percentage of tree cover in each grid. We resampled the image to
1,000 m to make its spatial resolution consistent with other variables.
We used the global biomass carbon stored in above and belowground
living vegetation in 2000 (Ruesch & Gibbs, 2008) to determine the
potential amount of carbon emissions from land transactions. The spa-
tial resolution is 1,000 m, and the value in each 1 km2 grid, namely,
carbon stock density, represents the amount of carbon with the unit
of 0.01 ton/ha.
2.3 | Analytical approaches
We first estimated the number of land transactions and their sizes
based on the boundary data in Cambodia, Ethiopia, Liberia, and Peru.
Then, to differentiate the land locations relative to transactions, we
categorized lands into four mutually exclusive classes: (a) areas within
the land transaction boundaries; (b) immediate buffer zone that is
within 1 km from transaction boundaries; (c) secondary buffer zone
that is between 1 and 5 km from transaction boundaries; and (d) other
areas within the national boundaries but excluding transacted lands
and their buffer zones. We extracted the value of each pixel in the
raster images of population density, night light index, forest cover,
and carbon stock density within the spatial extent of each land cate-
gory in the four countries. In cases where a transaction polygon par-
tially overlaps with a pixel, we estimated its population density, night
light index, forest cover, and carbon stock density according to the
area in each pixel. For example, if 60% of a polygon falls in one pixel
and 40% in another one, then its covariate value is 60% of the first
pixel value plus 40% of the second one.
We compared differences in population density, night light index,
and forest cover in 2000 across land categories by conducting t-tests
and analysis of variance. Because the sample size is too large, we took
a random sample of 10,000 for each land category. The F-statistic
from analysis of variance provides an indicator of how different these
four land categories are in terms of their socio-environmental con-
texts prior to land tenure change.
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We adopted a scenario-based approach to evaluate the potential
socio-environmental consequences of land transactions. In order to
estimate an upper bound in which all transacted lands are cleared for
agricultural production according to transaction boundaries, we pro-
posed the scenario of full implementation. However, because not all
transacted lands will be implemented for production purposes due to
logistic constraints, local resistance, or speculation (Liao, Jung,
Brown, & Agrawal, 2016), we proposed another three scenarios in
which transacted lands are implemented at low (25%), moderate
(50%), and high (75%) levels. We referred to the Land Matrix data to
determine the implementation levels in the four countries. Specifically,
we estimated the proportion of land that is implemented for agricul-
tural production in each case of transaction and then determined the
25, 50, and 75% implementation ratios according to all cases in each
country (Figure S6). We randomized the choice of pixels being
converted in these three partial implementation scenarios. In addition,
because of the likely spillover effects of land transactions beyond
their boundaries (Deininger & Xia, 2016; Finer et al., 2014), we pro-
posed two more scenarios in which an immediate buffer zone
(0–1 km) and a secondary buffer zone (1–5 km) are affected by land
transactions.
According to the level of implementation under the above six sce-
narios, we estimated the total amount of population, affected forested
areas, and carbon emissions. Specifically, we multiplied the population
density, forest cover, and carbon stock density of each pixel in 2000
by the area of each land transaction polygon in each pixel and added
them together to determine the amount of population, forest area,
and carbon emission of each land transaction. In addition, due to rapid
population growth in the global south (Kc & Lutz, 2017), land transac-
tions may affect more people than initially anticipated by the govern-
ment. In order to capture such dynamics, we also estimated the
affected population under different scenarios in 2015.
3 | RESULTS
3.1 | Numbers, areas, and size distributions of
transactions
Comparison between Land Matrix dataset and our data in the four
countries suggests substantial gaps in the numbers and areas of
reported transactions (Figure 1). The global dataset substantially
F IGURE 1 Land transactions at the global level according to Land Matrix (a) and at the country level in Liberia (b), Ethiopia (c), Cambodia (d),
and Peru (e) on top of forest cover according to government and non-government sources [Colour figure can be viewed at
wileyonlinelibrary.com]
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underestimates the number of transactions but can either exaggerate
or underreport the area of transactions. According to Land Matrix, the
number of land transactions in Ethiopia is 92 by 2015, with a total
area of 1.27 million ha. However, data from the Land Commission
Office in Ethiopia document a total of 833 transactions accounting for
0.84 million ha, which is 805% more in terms of number but 53% less
in terms of size than reported by Land Matrix. In Cambodia, Liberia,
and Peru, the country-level data show that the numbers of transac-
tions in these three countries are 46, 67, and 33% more than reported
in Land Matrix, respectively, but for total transacted area, it is over-
estimated for Liberia by 11% and underestimated for Cambodia and
Peru by 29 and 96%, respectively.
The mean size of the 1,182 individual land transactions in the
national-level datasets is 11,057 ha, confirming the dominance of
large transactions. However, the median value is 766 ha, which is sub-
stantially smaller than the mean. In fact, the size of land transaction
varies substantially, from the smallest case of 9.5 ha in Ethiopia to the
largest case of 786,461 ha in Peru. The sizes also vary by orders of
magnitude across these four countries (Figure 2a). The average land
transaction size is 999 ha in Ethiopia, with 659 of 833 transactions
less than 1,000 ha. In contrast, land transactions are much larger in
the other three countries. Average transaction size in Cambodia
(9,308 ha) is almost 10 times as large as that in Ethiopia. The cases in
Liberia are even larger, with a mean size at 50,250 ha. Land transac-
tions in Peru are the largest, which average at 93,664 ha.
In all four countries, a small number of large transactions account
for the vast majority of total transacted areas (Figure 2b). Ethiopia,
with a median transaction size of 464 ha, represents the most
extreme case, where the 62 largest ones (7.5% of all cases) account
for half of total transacted area. Despite having the largest number of
transactions, total transacted area is the smallest in Ethiopia, at 0.8
million ha. The other three countries had fewer transactions, but the
total transacted areas were much larger than Ethiopia. In Liberia,
where median transaction size is 20,637 ha, 30 transactions make up
1.5 million ha, with the 17% largest ones accounting for half of the
transacted area. In Cambodia, where median is 6,911 ha, 227 transac-
tions account for 2.1 million ha, and 18.9% make up half the area. In
Peru, where median is 51,578 ha, although the number of transactions
is about a 10th of Ethiopia, the total area (8.6 million ha) is over
10 times higher, and 13.7% of transactions make up half of the total
transacted area.
3.2 | Location of transactions relative to
population density, night lights, and forest cover
In the four countries of study, we observe a consistent trend of higher
average population densities in 2000 from transaction areas, to imme-
diate buffer, to secondary buffer, and to national average (Figure 3a).
Thus, the general understanding that land transactions are occurring
in less populated areas is supported by our results. However, the dif-
ferences are greater in Cambodia and Peru than in Ethiopia and Libe-
ria. Pairwise t-tests between transacted lands and the other three
land categories show that population density is consistently and sig-
nificantly lower than that of their buffer zones and national average
across the four countries (p-value < .001; Table S1).
The night light index in 2000 is generally low in these four coun-
tries, but national average is associated with much higher index than
the transacted areas and their buffer zones (Figure 3b). The difference
is especially large in Cambodia and Peru, as indicated by a high F-
statistic (Table S1). Given the observed inverse association between
the night light index and poverty, this pattern suggests that the tran-
sacted lands and their neighboring parcels are generally associated
with less economic activities than national average. The gap in the
F IGURE 2 Size distribution of individual transactions in Cambodia, Ethiopia, Liberia and Peru (a), and cumulative area of land transactions in
Cambodia, Ethiopia, Liberia and Peru (b). The dots on the curves indicate the percentage of smaller land transactions that make up 50% total
transacted areas [Colour figure can be viewed at wileyonlinelibrary.com]
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two African countries is smaller, primarily due to low overall night light
index throughout these two countries.
Before land transactions (i.e., in 2000), national average forest
cover was generally lower than in transacted areas and buffer zones
(Figure 3c). Such intra-country spatial variations are reflected in the t-
test results, showing the degree of difference in forest cover between
transacted areas and the rest of the countries varies substantially
(Table S1). In Ethiopia and Peru, land transactions take place in areas
with nearly twice the forest cover of national average. In contrast, the
difference in forest cover between transacted areas and national aver-
age is less than 8% in Cambodia and 4% in Liberia, suggesting a less
differentiated distribution of land transaction locations along the gra-
dient of forest cover in these two countries.
3.3 | Potential consequences on population, forest
cover, and carbon emission
We estimated that a total of nearly one million people were located
within the land transaction boundaries in the four countries before
the lands were transferred to investors (Figure 4a), even though popu-
lation densities in the transacted areas were significantly lower than
the neighboring areas and national averages. Even under the low
implementation scenario, 0.15 million population would be affected.
Under moderate and high implementation scenarios, the numbers of
affected population were 0.35 million and 0.5 million. In addition,
another 1.9 million people were located within the 5-km buffer zones
and subject to potential spillover effects associated with implementa-
tion of land transactions.
From 2000 to 2015, the amount of population within the transac-
tion boundaries of these four countries increased from 0.95 million to
1.45 million, representing a 53% growth rate (Figure 4b). The popula-
tion growth in the two buffer zones was even faster, with a rate over
60%. In contrast, the average population growth in these four coun-
tries was approximately 40%.
Across the four countries, land transactions in Cambodia can
directly affect the largest amount of population. About 0.33 million
people are located in the 2.1 million ha of transacted land in 2000. In
the following 15 years, the directly affected population grew 73%,
making the total at 0.57 million in 2015. During this period, national
average growth rate is only 23%. In Ethiopia, from 2000 to 2015, the
amount of population within transaction boundary increased from
0.15 million to 0.26 million, with a growth rate at 67%, whereas
national average population growth rate is 49%. The population
growth rates within the transaction boundaries in Liberia and Peru
between 2000 and 2015 were lower, at 45 and 22%, respectively.
Land transactions can also generate unintended environmental
consequences. Within the total area of 13 million ha of transacted
lands in the four countries, over 10 million ha is covered with forests
(Figure 5a). In addition, another 8.9 million ha of forest are located
within 5 km from the transaction boundaries. The total transacted
lands, if all cleared for agricultural and forestry production, can emit a
total over 2 Gt of carbon emission (Figure 5b). In addition, potential
spillover effects of land transactions can lead to another 1.5 Gt of car-
bon emission within the 5-km buffer zones.
Among these four countries, Peru has a total 8.5 million ha of for-
est area within transaction boundaries, accounting for nearly 80% of
the total transacted area in Peru. Meanwhile, because land transac-
tions are mostly located in the Peruvian Amazon, potential carbon
emission from the land clearing process can be as high as 1.6 Gt,
which is nearly four times as much as the three other countries com-
bined. Even under low implementation scenario, 4.3 million ha of for-
est would be lost, generating 0.8 Gt of carbon emission. Although the
total transaction area in Liberia is smaller than Cambodia, the green-
house gas consequences in Liberia is greater, with 1.1 million ha of
forest in the transacted area that can potentially emit 0.23 Gt from
F IGURE 3 Population density, night light index, forest cover in transacted areas, their 0–1 km and 1–5-km buffer zones, and the other areas
in the country in Cambodia, Ethiopia, Liberia and Peru in 2000 (see Table S2 for the total area of four land categories)
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full implementation. In Cambodia, within the 2.1 million ha of tran-
sacted land, there is a total of 0.95 million ha of forest under threat,
which can generate 0.14 Gt of carbon emission. Because of the domi-
nance of savanna landscape in Ethiopia, there is only a total of 0.23
million ha of forest on the 0.83 million ha of transacted lands, which
hosts a total of 0.04 Gt of carbon stock.
4 | DISCUSSION
This paper investigates land transaction patterns and their potential
socio-environmental impacts in Cambodia, Ethiopia, Liberia, and Peru.
Based on the extensive spatial data of land transactions in the four
countries, and through comparison with Land Matrix data, our
research indicates that the information in the global dataset provides
a distorted picture of the 'global land rush.' On-the-one-hand, it
underrepresents the numbers of land transactions. On-the-one-hand,
total transaction area can be either overestimated or underestimated.
This finding highlights the need for government agencies, local com-
munities, and researchers to work together to promote transparency
and accuracy in recording the incidence of land transactions and
thereby make more authoritative data publicly available (Edelman,
2013). Such data will not only contribute to better information and
analyses regarding land transactions but also help improve the moni-
toring and assessment of land transactions.
Most literature typically associates land transactions with large-
scale tenure change involving thousands of hectares of land (Cotula,
2011). Our data suggest that although large transactions are common,
not all of them are large in size. In fact, data from the Ethiopian Land
Commission indicate that there are hundreds of small land transac-
tions. Evidence from other countries suggests that positive economic
outcomes are more likely to be associated with small-scale land trans-
actions, where smallholder farmers were fully engaged in the eco-
nomic opportunities from the agricultural investment (Sikor, 2012).
F IGURE 5 Forest areas (a) and
carbon biomass (b) to be affected by
land transactions with different
implementation scenarios
F IGURE 4 Potentially affected
population in 2000 (a) and 2015 (b) under
six land transaction implementation
scenarios
LIAO ET AL. 1247
Therefore, it is important to consider the role of small-scale land
transactions in producing social, economic, and environmental out-
comes, in addition to the larger transactions that have been the focus
in much of the literature.
Our analysis of socioeconomic contexts of transactions and
nearby areas across the four countries is consistent with some find-
ings in earlier work (White et al., 2012). For example, the transacted
areas and their buffer zones are much more sparsely populated than
the countries in which they occur. Compared with densely populated
areas, host country government can better justify land transaction by
using the “empty land” discourse (Tura, 2018; White et al., 2012). On
the one hand, because there are fewer economic activities on these
lands, the national and regional governments can justify land transac-
tions by claiming promotion of economic growth and development
through collaboration with international and domestic investors, while
strengthening the administrative control of these frontiers (Lavers,
2012). On the other hand, people in poor regions are more politically
marginalized and lack the resources to make their voices heard when
land appropriation occurs and their land rights are threatened
(Oberlack, Tejada, Messerli, Rist, & Giger, 2016).
However, because of the large number and/or size of land trans-
actions, they can collectively affect a substantial amount of popula-
tion, which may not be anticipated by host country governments. In
our empirical analysis in Cambodia, Ethiopia, Liberia, and Peru, nearly
one million people are located in the 13 million ha of transacted land
in 2000, with another 2.5 million within the immediate and secondary
buffer zones from transaction boundary. Moreover, rapid population
growth in these four countries is likely to magnify social effects of
land transactions such as displacement, dispossession, and marginali-
zation (Hall, 2013; Julia & White, 2012; Kc & Lutz, 2017). Between
2000 and 2015, the population in the transaction boundaries grew by
53% in the four countries, a rate which is much higher than national
averages. Rapid population growth is very likely to exacerbate land
conflicts between local communities and external investors, which is
barely anticipated in the national land-based development plans of
host country governments.
Although the actual effect on affected population is debated,
numerous research has suggested that land-based investments are
not free of resistance, even if implemented in sparsely populated
regions (Moreda, 2015). Before lands are transferred to investors,
local communities have often come to rely on the transacted lands
through their customary rights for hunting, gathering, grazing, and
small-scale cultivation (Gill, 2016). Competing with local communities
for large-scale agricultural production has resulted in various negative
socioeconomic outcomes (German, Schoneveld, & Mwangi, 2013;
Julia & White et al., 2012). Both violent confrontations (McAllister,
2015) and silent sabotages (Moreda, 2015) have emerged in some of
these areas. Therefore, it is necessary to engage local smallholders in
the design and implementation of future land-based investments,
even on these relatively poor and sparsely occupied lands.
Our quantitative assessments of land degradation risk suggest
that vast swathes of forests are situated within land transaction
boundaries, which may be subject to clearing when transacted lands
are implemented for agricultural and forestry production. Findings
from existing research have shown that land transactions have clearly
accelerated deforestation in Cambodia (Davis et al., 2015). In addition,
deforestation is one effect for which negative spillover effects have
been observed from land transactions. In Peru, it has been reported
that logging permits associated with legal concessions are used to har-
vest trees in the neighboring unauthorized areas, which can cause
even higher deforestation rate in the buffer areas of legal transaction
boundaries (Finer et al., 2014). Moreover, road construction in these
remote transacted areas also fragments forests and leads to additional
clearing along their length (Perz et al., 2008).
As land-cover change occurs on transacted lands, and intended
land uses are implemented, substantial amounts of carbon emissions
can be emitted, especially in cases where transacted lands are located
in high carbon value forests. We calculated that over 2 Gt of carbon
emission can be generated in the land conversion process in the four
countries. This amount is more than 40% of the global carbon emis-
sion from land-cover change in 2012 (Tubiello et al., 2015). If soil
organic carbon loss following deforestation, which is yet to be consid-
ered in this research, is included in the estimation, the amount of car-
bon emission would be much greater. The estimated carbon emission
scenario, if realized, will counter efforts by the host country govern-
ments to mitigate carbon emissions as declared in the Intended
Nationally Determined Contributions to the 2015 United Nations Cli-
mate Change Conference.
This study advances the assessment of land transaction patterns
and potential socio-environmental consequences based on spatial data
on land transaction boundaries from multiple countries. However, two
potential biases may affect our analysis. First, although we demonstrate
that the number of transactions in Cambodia, Ethiopia, Liberia, and Peru
is much higher than reported by Land Matrix, we do not claim to have
obtained information about all cases of land transactions in these four
countries. In fact, it is difficult to obtain a complete list given the sensi-
tivity of land transactions in many host countries (Edelman, 2013).
What adds further complexity to this issue is that, in certain countries,
land commissioners at different administrative levels are authorized to
make deals with investors, which makes it more difficult to keep track
of all cases of land transactions (Vermeulen & Cotula, 2010). Second,
the implementation of land-cover and land-use changes within the land
transaction boundaries is yet to be validated with further evidence. On
the one hand, it is possible that lands are transacted without any
follow-up implementation for agricultural development due to underes-
timation of the challenges in clearing natural vegetation and mobilizing
the inputs needed for intensive commercial cropping, local resistance to
land tenure changes, and speculation of higher land price in the future
(Cotula, 2011; Gill, 2016). Consequently, our dataset may exaggerate
the scope of socio-environmental impact of land transactions. On the
other hand, investors may take advantage of their land-use permits and
extend their utilization beyond the transaction boundaries (Finer et al.,
2014), which may mean that our results underestimate the impacts of
implementations.
Our research suggests an urgent need for further assessment land
transactions. Due to the recent nature of many transactions, our
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analysis only provides an initial investigation of their spatial patterns
and outcomes. Long-term associations between land transactions,
deforestation, carbon emissions, and other socio-environmental con-
sequences remain underexplored. Additional empirical and qualitative
investigation is needed to fully understand the effects of land transac-
tions. For example, we used carbon emission and deforestation as
indicators of environmental effects, but further empirical research that
measures a wider range of outcomes is necessary to gain a more com-
prehensive understanding of land transactions. Because our dataset
lacked information on the characteristics of land transactions, for
example, the source of investment, date of transaction and implemen-
tation, and types of crops, we only assessed their spatial distribution
patterns. A future rigorous impact assessment will rely on better infor-
mation about these characteristics, which will allow us to better
understand how land transactions affect agricultural development and
land degradation in the vast rural areas in developing countries.
5 | CONCLUSIONS
Although earlier research has identified general features of land trans-
actions and their association with different contextual variables and
outcomes, little empirical work has been done to test the associations
asserted as the general patterns for land transactions across countries.
Our analysis of land transactions in four countries of three continents
confirms some of the early arguments in the literature, but our results
also point to the fact of substantial gaps in the number and area of
land transactions reported by global-level dataset, as well as potential
land degradation risks that are poorly anticipated by host country gov-
ernments. We find that existing global datasets on land transactions
substantially underestimate their incidence but can either exaggerate
or underreport transacted areas. Our scenario-based analyses reveal
that if fully implemented for agricultural development, land transac-
tions in the four countries will affect more than one million people,
yield over 2 Gt of carbon emissions, and disrupt vast swathes of
forests.
By providing quantitative assessment on the affected population,
forest, and carbon emission, our findings not only refute the “empty
land” discourse adopted by many host country governments to justify
land transactions but also suggest that far more empirical work is nec-
essary before generalizations about the nature, distribution, scope,
patterns, and outcomes of recent land transactions can be advanced
with any confidence. In addition, reforms are needed to regulate land
transactions and monitor their implementation for agricultural produc-
tion. It is crucial for policymakers to balance multiple goals of sustain-
able development while pursing agricultural development driven by
land transactions and carefully manage the tradeoffs between boo-
sting agricultural productivity and minimizing the risk of land degrada-
tion in developing countries (Hasegawa et al., 2018; Seufert, 2013).
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